The detection of galactic supernova (SN) neutrinos represents one of the future frontiers of lowenergy neutrino physics and astrophysics. The neutron coherence of neutral currents (NC) allows quite large cross sections in the case of neutron rich targets, which can be exploited in detecting earth and sky neutrinos by measuring nuclear recoils. The collapse of a neutron star liberates a gravitational binding energy of about 3 × 10 53 erg, 99% of which is transferred to neutrinos and antineutrions of all the flavors and only 1% to the kinetic energy of the explosion. In other words, a core-collapse supernova represents one of the most powerful source of (anti)neutrinos in the Universe. These (NC) cross sections are not dependent on flavor conversions and, thus, their measurement will provide useful information about the neutrino source. In particular the case of SN they will yield information about the primary neutrino fluxes, i.e. before flavor conversions in neutrino sphere. The advantages of large gaseous low threshold and high resolution time projection counters (TPC) detectors TPC detectors will be discussed. These are especially promising since they are expected to be relatively cheap and easy to maintain. The information thus obtained can also be useful to other flavor sensitive detectors, e.g. the large liquid scintillation detectors like LENA. All together such detectors will provide invaluable information on the astrophysics of core-collapse explosion and on the neutrino mixing parameters. In particular, neutrino flavor transitions in SN envelope might be sensitive to the value of θ13 and to the unknown neutrino mass hierarchy. Till a real SN explosion is detected, one can use available earth neutrino sources with similar energy spectra to test the behavior of these detectors. Among them, the ORNL Neutron Spallation source (SNS) and boosted radioactive neutrino beams are good candidates.
I. INTRODUCTION
The detection of galactic supernova (SN) neutrinos represents one of the future frontiers of low-energy neutrino physics and astrophysics. 1 In this paper we are going to discuss the relevant physics for the design and construction of a gaseous spherical TPC for dedicated supernova detection, exploiting the coherent neutrinonucleus elastic scattering due to the neutral current interaction. This detector can draw on the progress made in recent years in connection with measuring nuclear recoils in dark matter searches. It has low threshold and high resolution, it is relatively cheap and easy to maintain. Before doing this, however, we will briefly discuss the essential physics of neutrinos emitted in supernova explosions [1] (for a review, see, e.g. the recent report [2] 
II. THE PRIMARY SUPERNOVA NEUTRINO FLUX.
We will assume that the neutrino spectrum can be described be a Fermi Dirac Distribution with a given temperature T and a chemical potential µ = aT . The constants T and a will be treated as free parameters. Thus f sp (E ν , T, a) = N 1 1 + exp (E ν /T − a) (1) where N is a normalization constant. The temperature T is taken to be 3.5, 5 and 8 MeV for electron neutrinos (ν e ), electron antineutrinos (ν e ) and all other flavors (ν x ) respectively. The parameter a will be taken to be 0 ≤ a ≤ 5. The average neutrino energies obtained from this distribution are shown in Table I . The number of emitted neutrinos [1] can be obtained from the total emitted energy U ν = 3 × 10 53 erg
The obtained results are shown in Table II The (time averaged) neutrino flux Φ ν = N ν /(4πD 2 ) at a distance D = 10 kpc=3.1 × 10 22 cm is given in Table III . 
III. THE DIFFERENTIAL AND TOTAL CROSS SECTION
The differential cross section for a given neutrino energy E ν can be cast in the form [3] : 
where N is the neutron number and F (q 2 ) = F (T 2 A + 2Am N T A ) is the nuclear form factor. The effect of the nuclear form factor depends on the target (see Fig. 2 ).
Since the SN source is not "'monochromatic"' the above equation can be written as:
Where (E ν ) max is the maximum neutrino energy and
Here (E ν ) max = ∞. Integrating the total cross section of Fig. 5 from T A = E th to infinity we obtain the total cross section. The threshold energy E th depends on the detector. Furthermore for a real detector the nuclear recoil events are quenched, especially at low energies. The quenching factor for a given detector is the ratio of the signal height for a recoil track divided by that of an electron signal with the same energy. We should not forget that the signal heights depend on the velocity and how the signals are extracted experimentally. The actual quenching factors must be determined experimentally for each target. In the case of NaI the quenching factor is 0.05, while for Ge and Si it is 0.2-0.3. For our purposes it is adequate, to multiply the energy scale by an recoil energy dependent quenching factor, Q f ac (T A ) adequately described by the Lidhard theory [4] . More specifically in our estimate of Qu(T A ) we assumed a quenching factor of the following empirical form [4] , [5] :
The quenching factor, exhibited in Fig. 3 for recoil energies appropriate for 131 Xe and 40 Ar, were obtained assuming a quenching of the form of Eq. (6). In the presence of the quenching factor as given by Eq.( 6) the measured recoil energy is typically reduced by factors of about 3, when compared with the electron energy. With the above quenching factor this relationship is shown in Fig. 4 . In other words a threshold energy of electrons of E th = 2 keV becomes E ′ th = 6 keV for nuclear recoils (see also Fig. 5 ).
The number of the observed events for each neutrino species is found to be:
where N N is the number of nuclei in the target, which depends on the pressure, (P ), the absolute temperature, (T 0 ) and the radius R of the detector. We find:
A. Results for the Xe target
The differential cross section for neutrino elastic scattering, obtained with the above neutrino spectrum, on the target Xe as a function of the recoil energy T A in keV. In the case of a threshold energy of 2 keV, only the space on the right of the vertical bar is available. In the presence of quenching (see below) only the space on the right of the thick vertical bar is available. Otherwise the notation is the same as in Fig. 1 cross section of Fig. 5 from T A = 0 to infinity we obtain the total cross section given in table IV. The above results refer to an ideal detector operating down to zero energy threshold. In the case of non zero threshold the event rate is suppressed as shown in Fig. 6 . The total cross section is, of course, also affected by the quenching factor. This is exhibited in Fig. 7 . The effect of quenching is quite important. E th →keV Figure 6 : The ratio of the cross section at threshold E th divided by that at zero threshold as a function of the threshold energy in keV in the case of a Xe target. Otherwise the notation is the same as in Fig. 1 Using Eq. 7 and the above total cross sections, after summing over all neutrino species (i.e. over all T), we obtain the number of events shown in Table V. In the presence of a detector threshold of even 1 keV the above rates are reduced by about 20% (50%) in the absence (presence) of quenching. E th →keV Figure 7 : The same as in Fig. 6 taking into account the effect of quenching. In the presence of a detector threshold of even 1 keV the above rates are reduced by about 10% (30%) in the absence (presence) of quenching.
C. The Ne target
The differential cross for neutrino elastic scattering on the target 20 10 Ne is shown in Fig. 11 . In the presence of a detector threshold of even 1 keV the above rates are reduced by about 5% (10% ) in the absence (presence) of quenching.
IV. TERRESTRIAL SOURCES WITH SIMILAR SPECTRUM
The spherical TPC detector can become a dedicated SN neutrino spectrum. Untill such SN explosion takes place it can be tested using terrestrial neutrino sources with spectra similar to those of SN neutrinos. Two such possibilities come to mind:
A. The Oak Ridge Spallation Neutron Source (SNS)
SNS is a prolific pulsed source of electron and muon neutrinos as well as muon antineutrinos [6] , [7] . The normalized neutrino spectra can be described very well by the shapes exhibited in Fig. 14 The differential cross sections obtained after folding with the neutrino spectra are shown in Fig. 15 . Integrating these differential cross The effect of threshold is exhibited in Figs 16-17.
The SNS facility provides an excellent opportunity to employ and test the spherical TPC gaseous detector [8] . There remain, however, some experimental issues that need be resolved first. These have do with the fact that the neutrino flux is changing from point to point inside The normalized solid and dotted curves correspond to ν e andν µ respectively. Also shown is the discreet ν µ spectrum (dashed vertical line).
the detector. The number of expected events for a vessel of volume V under pressure P and temperature T takes the form:
where the parameter s(V, L) is a geometrical factor needed when a large detector is close to the source. It depends on the shape of the vessel and the distance L of its geometric center from the source. In the case of sphere of radius R with its center at a distance L from the source he function s(V,R) depends only on the ratio R/L, i.e. s(V, L) → s(R/L), and it is given by
The above expression takes into account the fact that, if the sphere is close to the source, the neutrino flux is changing from point to point inside the sphere. Spherical coordinates (r, θ, φ), are used to specify any point inside the sphere. The origin of coordinates was chosen at the center of the sphere with polar axis the straight line from the source to the center of the sphere. With the above choice the flux is independent of the angle φ. The function s(R/L) is given by:
Its behavior is exhibited in Fig. 18 . The geometric factor for the actual experimental set up, L >> R, is close to unity. Using
for each flavor we obtain the data of table X. 
B. Boosted Radioactive Sources
In recent years in the process of developing neutrino factories it has become feasible to obtain radioactive sources [9] for both electron neutrinos and antineutrinos. There exist many candidate sources, which can be boosted up to high energies, with boosting factors γ = E b /M b c 2 ranging up to 20, yielding neutrino spectra not very different from those expected for SN neutrinos [10] . These sources can live long enough (τ = γτ 0 ) so that experiments testing the SN detectors can be performed. The spectra of two popular such sources, whose advantages have already been discussed [10] , are shown in Fig.  19 . E th →keV Figure 16 : The ratio of the cross section at threshold E th divided by that at zero threshold as a function of the threshold energy in keV, corresponding to A=131 (a) and A=40 (b). Otherwise the notation is the same as in Fig. 15 
V. CONCLUSIONS
From the above results one can clearly see the advantages of a gaseous spherical TPC detector dedicated for SN neutrino detection. The first idea is to employ a small size spherical TPC detector filled with a high pressure noble gas. An enhancement of the neutral current component is achieved via the coherent effect of all neutrons in the target. Thus employing, e.g., Xe at 10 Atm, with a feasible threshold energy of about 100 eV in the recoiling nuclei, one expects between 700 and 900 events for a sphere of radius 5m. Employing 40 Ar one expects between 200 and 300 events but with a vessel of larger radius (R=10m). If necessary, this detector can be tested with Earth neutrino sources, which have a neutrino spectrum analogous to that of a SN.
This detector, dedicated for SN detection, should not be viewed as a competitor of the huge constructions currently being envisioned for various purposes including supernova neutrino detection [11] 4 . The information pro- vided by the neutral current detectors, which are not sensitive to neutrino oscillation effects, will provide information about the primary supernova neutrino flux and aid the analysis of detectors exploiting the charged current interaction. It can also serve as an insurance, if anything goes wrong with the large detectors. The second idea is to build several such low cost and robust detectors and install them in several places over the world. First estimates show that the required background level is modest and therefore there is no need for a deep underground laboratory. A mere 100 meter water equivalent coverage seems to be sufficient to reduce the cosmic muon flux at the required level (in the case of many such detectors in coincidence, a modest shield is sufficient). The maintenance of such systems, quite simple and needed only once every few years, could be easily assured by universities or even by secondary schools, with The number of events in a year originating from the Spallation Neutron Source (SNS) for nuclear recoils due to neutral current neutrino-nucleus scattering as a function of (P, R, L) where P is the pressure of the gas in the vessel, R is the vessel radius and L is the distance from the source. The detector is at temperature T = 300 0 K and is assumed to operate with zero threshold. only specific running programs. Admittedly such a detector scheme, measuring low energy nuclear recoils from neutrino nucleus elastic scattering, will not be able to determine the incident neutrino vector and, therefore, it is not possible to localize the supernova this way. This can be achieved by a cluster of such detectors in coincidence by a triangulation technique.
A network of such detectors in coincidence with a subkeV threshold could also be used to observe unexpected low energy events. This low energy range has never been explored using massive detectors. A challenge of great importance will be the synchronization of such a detector cluster with the astronomical γ-ray burst telescopes to establish whether low energy recoils are emitted in coincidence with the mysterious γ bursts. In summary: networks of such dedicated gaseous TPC detectors, made out of simple, robust and cheap technology, can be simply managed by an international scientific consortium and operated by students. This network comprises a system, which can be cheaply maintained for several decades (or even centuries). Obviously this is is a key point towards preparing to observe few galactic supernova explosions.
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